INTRODUCTION
============

Tinnitus is a phantom auditory perception or sensation ([@B1], [@B2]). It is a common complaint with a prevalence of 10% to 15% in the adult population ([@B3], [@B4]). The mechanism and pathophysiology of tinnitus is poorly understood. Individuals affected with tinnitus can show an emotional distress and an may impact their quality of life. While some individuals feel depressed, angry, annoyed, distracted, or experience insomnia ([@B5]), tinnitus is not a significant problem for 80% of the people who have it ([@B6], [@B7]). It is important to identify the patients whose daily life is affected by tinnitus.

Assessing tinnitus is a challenging task. Tinnitus is primarily a subjective disorder. Self-reporting tinnitus questionnaires are one of the most commonly used tools for assessing the way patients experience tinnitus ([@B8]). Currently, there exist numerous questionnaires that are available to assess tinnitus in such manner. These include the Tinnitus Handicap Inventory (THI) ([@B9]), Tinnitus Severity Scale ([@B10]), Tinnitus Questionnaire ([@B11]), Tinnitus Reaction Questionnaire ([@B12]), Tinnitus Handicap Questionnaire ([@B13]), Subjective Tinnitus Severity Scale ([@B14]), Tinnitus Handicap/Support Scale ([@B15]), Tinnitus Coping Strategy Questionnaire ([@B16]), Tinnitus Coping Style Questionnaire ([@B17]), and Tinnitus Cognitions Questionnaire ([@B18]). Questionnaires used in research and in clinical practice are typically developed using a two-stage process. First, a questionnaire with a large set of questions is written. Then, through a pilot test, the statistical properties of the questions are examined and questions are selected from a set of questions to create the final questionnaire ([@B19]). These questionnaires must be reliable and valid. Reliability is an indication of how well the measured score reflects the true score. Validity is the degree to which the questionnaire score reflects the actual disability or handicap experienced by the respondent ([@B19]). THI is widely endorsed in clinical practice and has gained recognition as a useful self-reporting assessment tool for quantifying the impact of tinnitus on daily life ([@B20]). THI is brief enough to be used in busy clinics, is easy to administer and interpret, broad in scope, and psychometrically robust. It also has adequate internal consistency, reliability, convergent validity, and construct validity ([@B9]).

THI has been translated into a variety of languages, including Danish (THI-DK) ([@B21]), Spanish ([@B22]), Korean ([@B23]), Brazilian Portuguese ([@B24]), Turkish ([@B25]), Italian ([@B26]), and Singapore ([@B27]). Adequate reliability and validity have been demonstrated for all of these translations. THI has also been translated into Chinese-Cantonese (THI-CH) and researchers have reported good reliability and validity for this version, as well ([@B28]). Mandarin is the official language of China and is popularly used by people of the Han nationality. Cantonese is a dialect used in South China, including Guangdong Province, Guangxi Province, Hong Kong, and Macao. There are large differences between Mandarin and Cantonese. For example, Mandarin has 4 tones, while Cantonese has 6. There are also large differences in pronunciation and lexicon. Because of these differences, a THI-CM is needed. The purpose of the present study is to investigate whether THI-CM is a reliable and valid measure of tinnitus-related problems in the Mandarin-speaking tinnitus sufferers.

MATERIALS AND METHODS
=====================

THI-CM development
------------------

THI consists of 25 items grouped into 3 subscales. The subscales include the functional subscale (11 items), emotional subscale (9 items), and catastrophic subscale (5 items). The original version of the THI was translated into Mandarin Chinese using a translation-back translation method ([@B29]). In this translation, the translation of concepts was emphasized over a literal translation of the original THI. The original version of the THI was first translated into Mandarin Chinese by an audiologist, who is both an expert in tinnitus and is fluent in English. Then, a professional English translator, with no knowledge of the original THI, has back-translated the Mandarin version into English. The Mandarin version was then adjusted by the original translator, with the assistance of another audiologist, using comparisons between the original THI and the back-translated THI as a guide. The THI-CM was further refined, after initial testing with 25 tinnitus patients. Patient feedback was taken into account and adjustments were made to those questions that the majority of respondents found difficult to understand. The final THI-CM is in the [Appendix](#APP1){ref-type="app"} (see <http://e-ceo.org>) to this report.

Subjects
--------

Study participants were recruited from patients seeking treatment for primary or secondary tinnitus, at the West China Hospital Otolaryngology Department Hearing Center in Sichuan University. Subjects were enrolled after providing written informed consent and were assigned numbers corresponding to the order in which they were enrolled. Female patients were identified by numbers between 1 and 100, and male patients were identified by numbers between 101 and 200. This research was approved by the Ethics Committee of the West China Hospital in Sichuan University.

Only patients with unilateral or bilateral tinnitus over 12 years of age were included in the study. Patients with psychiatric disorders or difficulty in expressing themselves were also excluded.

Study design
------------

Subjects were asked to complete THI-CM by themselves. Then, hearing threshold and tinnitus match were tested for each subject. We used the Clinical Guide for Audiologic Tinnitus Management Method to determine the tinnitus match ([@B30]). Patients with an ID number that ended in 0 or 5 were asked to complete THI-CM a second time, 14±3 days, after the initial interview. Forty subjects completed THI-CM twice, and we used the resultant data to perform a test-retest reliability assessment.

Data analysis
-------------

SPSS ver. 11.5 (SPSS Inc., Chicago, IL, USA) was used for all statistical analyses. External reliability was tested using test-retest reliability. Internal reliability was tested by determining Cronbach\'s α value. The construct validity was assessed using factor analysis.

RESULTS
=======

A total of 232 tinnitus patients were screened for inclusion in the study. Two-hundred patients, 100 women and 100 men, met the inclusion criteria and were enrolled. No patients withdrew from the study. The subjects ranged in age from 14 to 75 years of age (mean, 41.6; SD, 14.6). Patients suffered tinnitus for periods ranging from 0.03 to 240 months prior to the study, with a mean duration of 34.6 months (SD, 53.9). Eighty-three subjects had bilateral tinnitus, 54 had right ear tinnitus, and 63 had left ear tinnitus. The hearing threshold, tinnitogram and hearing loss of participants are shown in [Tables 1](#T1){ref-type="table"}, [2](#T2){ref-type="table"}.

THI-CM score and severity
-------------------------

The mean scores of the functional, emotional, and catastrophic subscales were 20.1 (SD, 11.2), 15.2 (SD, 9.8), and 9.5 (SD, 5.8), respectively. The mean total score was 44.8 (SD, 24.5). The mean and standard deviation for each item in THI-CM are shown in [Table 3](#T3){ref-type="table"}. The mean total score and the subscale scores of THI-CM, THI-CH, THI-DK, and the original THI, as reported in their respective validation studies, are reported in [Table 4](#T4){ref-type="table"}. There were no statistically significant differences between men and women in any THI-CM score, including total score (*P*=0.76), functional subscale score (*P*=0.61), emotional subscale score (*P*=1.38), and catastrophic subscale score (*P*=1.05). Twenty-four subjects (12%) had no handicap, 63 subjects (31.5%) had a mild handicap, 48 subjects (24%) had a moderate handicap, and 65 subjects (32.5%) had a severe handicap.

Reliability
-----------

The external reliability of THI-CM was examined by its test-retest reliability. Number of the subjects responded for each question at the first and second interview and the Pearson correlations between the first and second responses for each item are shown in [Table 5](#T5){ref-type="table"}. The Pearson correlation, between the first and second scores on the 3 subscales (emotional, functional, and catastrophic) and between the first and second total score, is presented in [Table 6](#T6){ref-type="table"}. The Pearson correlations ranged between 0.62 (item 17, \"Do you feel that your Tinnitus has placed stress on your relationships with members of your family and friends?\") and 1.00 (item 25, \"Does your Tinnitus make you feel insecure?\"). The Pearson correlations were greater than 0.85 for all items, except 6, 13, 14, and 17, for which the values ranged between 0.62 and 0.84. The Pearson correlation was greater than 0.90 for all subscales. The Pearson correlation for the total score was 0.98. These high Pearson correlation values indicate good test-retest reliability.

Cronbach\'s α for the total score was 0.93. The Cronbach\'s α coefficients for the functional, emotional, and catastrophic subscales were 0.85, 0.87, and 0.78, respectively. The total score and subscale Cronbach\'s α coefficients from the validation studies of THI-CM, THI-CH, THI-DK, and original THI are given in [Table 7](#T7){ref-type="table"}. The THI-CM has good external and internal reliability.

Validity
--------

The validity was tested by construct validity. Factor analysis was used to demonstrate the construct validity. Because the Kaiser-Meyer-Olkin sampling adequacy was 0.932, the items were considered acceptable for factor analysis. Principal component extraction was performed during factor analysis. Three factors (functional, emotional, and catastrophic responses to tinnitus) represent handicaps related to tinnitus. The eigenvalues for these factors were 9.7 (Factor 1), 1.6 (Factor 2), and 1.2 (Factor 3). Factor 1 explained 38.9% of the variance, Factor 2 explained 6.5% of the variance, and Factor 3 explained 5.0% of the variance. The cumulative variance explained by the 3 factors was 38.9%, 45.4%, and 50.4%, respectively. Loading scores for each item, except item 2, indicated almost exclusive loading on Factor 1. The item 2 (\"Does the loudness of your tinnitus make it difficult to hear people?\") primarily loaded on Factor 2, but also loaded on Factors 1 and 3 ([Table 8](#T8){ref-type="table"}). When an additional factor was added, the eigen values for the factors were 9.7 (Factor 1), 1.6 (Factor 2), 1.2 (Factor 3), and 1.2 (Factor 4). The added factor explained 4.8% of the variance and the total variance explained by the 4 factors was 55.2%. A scree plot indicated that adding factors would not improve the explanation variance ([Fig. 1](#F1){ref-type="fig"}). Factor analysis indicated THI-CM has a unifactorial structure.

DISCUSSION
==========

THI-CM had good external reliability for the total score and the subscale scores (total Pearson correlation, 0.98, functional, emotional, and catastrophic Pearson correlations were 0.96, 0.96, and 0.92, respectively). Item 17 demonstrated the lowest degree of test-retest reliability. THI-CM showed high internal reliability, which is consistent with the reports for other versions. THI-CM had the same internal reliability as the original English version (α, 0.93). THI-CM and THI-CH also had similar internal reliability (α, 0.94 for THI-CH). The internal reliability of the functional (α, 0.85) and emotional (α, 0.87) subscales of THI-CM were similar to those of THI-CH (α, 0.89 and α, 0.89, respectively) and the original THI (α, 0.86 and α, 0.87, respectively). The catastrophic subscale had a relatively low degree of internal reliability (α, 0.78). However, only 5 items were included in such subscale. The small number of items may explain the relatively low degree of internal reliability of the catastrophic subscale. The internal reliability of the catastrophic subscale of THI-CM was higher than that reported for THI-CH and the original THI version (α, 0.64 and α, 0.68, respectively). However, the internal reliabilities of THI-DK, the Portuguese version, and the Italian version were high (α, 0.93, α, 0.929, and α, 0.91, respectively).

Originally, the THI subscales were examined on the basis of item content ([@B9]), rather than factor analysis. To assess the construct validity, the original THI developers used the Beck Depression Inventory, Modified Somatic Perception Questionnaire, and symptom rating scales ([@B9], [@B31], [@B32]). Weak correlations were observed between THI and both the Beck Depression Inventory and Modified Somatic Perception Questionnaire. Significant correlations were observed between THI and symptom rating scales. The creators of the Portuguese, Italian, and Cantonese versions of THI evaluated validity by testing correlations between THI translations and other questionnaires. The Portuguese THI was correlated to the Beck depression inventory with a Pearson correlation coefficient of 0.68, thus, confirming its validity ([@B24]). The Italian version correlated well with the MOS 36-Item Short Form Health Survey (SF-36) and the Hospital Anxiety and Depression Scale (HADS) providing evidence of good construct validity ([@B26], [@B33], [@B34]). THI-CH scores significantly correlated with the anxiety and depression scores of the HADS ([@B28]). None of these researchers used uniform questionnaires to assess the correlations between THI and other questionnaires or psychoacoustical measures. Factor analysis of THI-CM yielded similar results to factor analyses performed on other versions of THI. Factor analysis demonstrated the unifactorial structure of THI-CM. Adding more factors did not improve the explanation of variance. Factor analysis of THI-DK ([@B21]), the Italianversion of THI ([@B26]), and THI-CH ([@B28]) also revealed unifactorial structures. In the validation study for THI-DK, researchers stated that the 3 factors only partially matched the items in the original 3 subscales ([@B21]). Factor analysis of the Italian version of THI indicated that the first extracted factor explained 35.9% of the variance and the second and the third factors explained 7.8% and 7.5% of the variance, respectively ([@B26]). The factor analysis of THI-CH demonstrated that the first factor explained 41.99% of the total variance and the second and the third factors explained 6.87% and 5.87% of the variance, respectively ([@B28]). Factor analysis of the original THI version done in 2003 indicated that 3 factors could explain 52.8% of the variance and adding more factors contributed little to the explanation of variance. Additionally, the majority of items loaded on the first factor ([@B35]). The unifactorial structure of the original version was demonstrated.

In the draft THI-CM used in the pilot study, some patients had difficulty interpreting the term \"sometimes.\" In the final version, we added an explanation for this term at the beginning of THI-CM to help patients understand it.

The mean THI-CM total score and subscale scores were higher than those reported in the THI-CH validation study ([Table 4](#T4){ref-type="table"}). In this study, the subjects came from the areas in Southwest China, while the subjects in the THI-CH validation study came from Hong Kong. In terms of economic progress, Southwest China lags behind Hong Kong. Therefore, patients from Southwest China will not seek treatment unless they feel their tinnitus is severe. This reluctance to seek treatment may be an explanation of the observed higher score during THI-CM validation than that reported for THI-CH.

THI-CM does not appear to be affected by gender. The length to which the subjects in this study took was about 10 minutes to complete the questionnaire, and even those subjects with only a primary school education found it easy to understand. This self-administered questionnaire is therefore appropriate for busy clinics.

In conclusion, the THI-CM version is a reliable measure of tinnitus-related handicaps. The reliability of THI-CM is in line with that of the original English version. THI-CM has a unifactorial structure. It is culturally adapted to the Mandarin Chinese-speaking population, and its total score can be used to evaluate tinnitus-related handicaps and to assess the effect of tinnitus treatment and rehabilitation in such population. However, the subscales of THI-CM are not suitable for assessing tinnitus-related handicaps. Tinnitus-related handicaps included many aspects (irritation, annoyance, concentration, insomnia, etc). It is not possible to asses all aspects of tinnitus-related handicaps in one questionnaire. Therefore, additional questionnaires in Mandarin are still needed to further identify these aspects of tinnitus-related handicaps.
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Hearing levels and psychoacoutics of tinnitus in study subjects
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^\*^Hearing threshold ranged from 0.25-8 kHz.
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Distribution of study subjects according to degree of hearing loss
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Mean score and standard deviations for each THI-CM item

![](ceo-5-10-i003)

THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory.
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Score of total scale and subscales of THI-CM, THI-CH, THI-DK, THI original
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Values are presented as mean±SD.

THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory; THI-CH, Chinese-Cantonese THI; THI-DK, Danish THI.
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Subjects numbers for answering each question at the first and the second interview and correlations of THI-CM^\*^ (n=40)
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THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory.

^\*^Pearson correlation.
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External reliability^\*^ of the three subscales (emotion, function, catastrophic) and total items of THI-CM (n=40)
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Correlation is significant at the 0.01 level (2-tailed).

THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory.

^\*^External reliability was tested using Pearson correlation. ^†^Pearson correlation.
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Internal reliability^\*^ of THI-CM, THI-CH, THI-DK, THI original version
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^\*^The internal reliability of THI was assessed using Cronbach alpha coefficients.

THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory; THI-CH, Chinese-Cantonese THI; THI-DK, Danish THI.
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Component matrix of THI-CM
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Extraction method: principal component analysis. 3 components extracted.

THI-CM, Chinese-Mandarin Tinnitus Handicap Inventory.
